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10 Introduction
For most of human history, the number of annual births and deaths
was very similar, causing population to grow at a very slow rate. Since
the 18th Century world population has been growing at an increasing rate.
In addition, death rates of the less developed nations began to drop in
the late 1930’s and early 1940’s, while birth remained high. As a conse-
quence, the rate of population growth increased rapidly. Few signs of
a slow down can be observed in the less developed countries. Indeed
the estimated population in 1970 was actually slightly higher than earlier
projection had anticipated.
In Japan we can observe three periods with distinct demographic trends
since the beginning of the Meiji period, i.e., from 1868 to World War I,
the period between the two World Wars, and the Post World War Two period
(Table 5). In the first period, both the birth rate and the death rate
increased. This is an unusual demographic experience. The reasons for
this observed increase may be that: (1) The birth and death rates in
the beginning of economic development are likely to be underestimated
in official statistics,(Morita (1963)), (2) The Sine-Japanese War and
Russo-JapaneseWar may actually have caused the death rate and birth
rate to increase. (3) Abortion and infanticide prevailed illegally
in the beginning of the Meiji and the Edo (before 1868) eras, and were
outlawed thereafter, which may have caused the increased birth rates.
(4) The government encouraged people to have more babies to compensate
for the large population decreases which occurred because of wars.-2-
Generally (1) is regarded as the major reason,as Morlta (1963) shows, but
(2), (3) and (4) may also be part of the explanation.
In the second period, the so-called demographic transition started
to occur, i.e., both birth and death rates started to decline.~’ But this
pattern was disturbed during World War 11 and the immediate postwar period.
There was a large increase in birth rate for 1948 and 1949, referred to
as “the baby boom.” However, the baby boom was of short duration. After
1950 the demographic transition in Japan speeded up and by 1955 the Japanese
birth rate and death rate were almost equal to those of advanced countr~es
which had experienced the demographic transition earlier.
The Japanese birth and death rates implied the following population
growth rates (See Table 5). From 1880 to 1900 it was 0.9 percent per
year while from 1900 to 1960 it fluctuated between 1.1 and 1.5 percent
per year. This compares very favorably with the population growth rates
experienced by today’s less developed countries. Coupled with relatively
high rates of technical change this favorable experience led to rapid
growth in per capita income.
In this paper we are going to measure how Japanese population growth
affected economic development in a general equilibrium context. We
distinguish between population growth and labor growth in order to find
the effects of population growth and labor participation independently.
This leads to richer and somewhat different conclusions than the usual
growth theories which assume that the growth rates of population and
labor are equal. In such models increase in population can only have
a detrimental effect due to diminishing returns to labor. But such
diminishing returns set in at very slow rates when elasticities of sub-
stitution are large. Models based on a population-growth-equal-labor--3”
growth assumption thus lead to optimistic conclusions of the effect of
population growth on per capita income growth. A good example of this
approach and optimism is the model of Kelley and Williamson (1973), a
model which otherwise has much in common with our approach. However
when findings are extrapolated to population growth rates of the order
of three percent, the assumption that labor participation rates will
be stable is very questionable.
Our model is stated briefly in Section (2). The empirical results
based on our model are given in Section (3), and Section (4) summarizes
results and presents the conclusions.
2* Mode1
The model is discussed in detail in Ysmaguchi (1973) or Yamaguchi
and Binswanger (1974a). It is an agricultural-nonagriculturaltwo sector
model and is an extension of the Tolley-Smidt (1964) and Kelley-Williamson
(1973) models developed for application to our problem. The model is
constructed to permit an evaluation of the effects of technical change,
population, and labor growth on per capita income, and the flow of physical
and human resources among sectors through product and factor markets for
every decade for the period 1880-1965. In contrast to the Kelley and
Williamson model (1972), agricultural and nonagricultural technical
change are treatedindependently,and the labor participation rate is
2/ not assumed to be fixed,— The period covered extends from 1880 to 1965.
Much of the empirical analysis focuses on the change in economic structure
over time rather than simulation on a fixed structure.
In our model, the rate of technical change in agriculture, technical
change in nonagriculture, population growth, total growth of labor, and“4-
the rate of tOtd capital @2 CUmuk3tiOn are regarded as exogenous variables.
Given the rates of change of these variables our model determines endogenous-
ly the following variables: agricultural and nonagricultural output, real
per capita income)the allocation of total labor and total capital among
sectors, and the terms of trade (agriculturalprice/nonagriculturalprice).
The notations are summarized in Table 1. The other main features of
our model are: (1) The demand function for agricultural goods is specified
as a per capita demand function multiplied by the total population (Q).
The per capita demand function includes a demand shifter (a) which captures
autonomous changes in tastes which cannot be explained by population(Q), per
capita income (E),and terms of trade (P). (2) The agricultural production
function contains land (B), labor (Ll), and capital (Kl) as factors of pro-
duction. But land is not included in the production function of the non-
agricultural sector. (3) Factor market distortions are assumed to exist.
In particular, labor only migrates from agriculture to the nonagricultural
sector in response to a positive wage differential. (4) The economy is
closed.~i
The state version of the model is summarized as follows: Subscript 1
refers to agricultural while subscript 2 kefers to nonagricultural sector.
Agricultural demand (1) Y1 = f (a, Q, P, E)
function
= a Q P’1Ec
Agricultural production (2) Yl= g (Tl, Ll, Kl, B)
function
!3~(1-a-i3) = T1 Iila,K1
Nonagricultural pro- (3) Y2 = h (L2, K2, T )
duction function 2
= T2 L2Y K26
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Let i = 1 be the agricultural sector and i = 2 the nonagricultural
sector
= Demand shifter for agricultural products
= Land
= Real disposable per capita income
= Sectoral capital stock
= Total private capital stock
= Sectoral labor force
= Total private sector labor
= Ratio of the return to capital in agricultural sector to the
return in nonagricultural sector
= Ratio of the return on capital to its marginal revenue product
in each sector
= Ratio of earnings of labor in the agricultural sector to labor
earnings in the nonagricultural sector
= Ratio of earnings of labor to its marginal revenue product in
each sector
= Population not participating in the labor force
= Ratio of capital earnings to marginal revenue product in agri-
culture divided by comparable ratio for nonagricultural sector
= Ratio of labor earnings to marginal revenue product in agricul-
ture divided by comparable ratio for nonagricultural sector
= Price of agricultural output
= Price of nonagricultural output
= Ratio of price of agricultural products to price of nonagricul-
tural output
= General price level
= Population
= Return per unit to capital in each sector
= Technical change in each sector
= Sectoral wage rates
= Agricultural output
= Nonagricultural output
= Labor’s share in agriculture
= Capital’s share in agriculture
= Labor’s share in nonagriculture
= Capital’s share in nonagriculture
= Share of income produced in agriculture
= Price elasticity of agricultural goods







(7) w2 = ‘~ ~2 ‘L2
(8) rl=P1~~
11
(9) r2 = ‘~ %&2 ‘K2
(10) wl = mw w2
(11) rl = mr r2
Income identity (12) p1Y1+P2 Y2 = P’QE
All functional forms are Cobb-Douglas. This implies neutral technical
change in each sector. The introduction of market imperfections, however,
has important implications: Johnson (1966) showed that, if one combines
two Cobb-Dbuglas production functions into a transformation curve, the
result is a transformation curve with very little curvature, unless one
chooses output elasticities which differ radically between the sectors.
Furthermore, if one adds a market imperfection between the two sectors,
the transformation curve can easily lose its curvature and may, indeed,
become convex rather than concave to the origin. In the Japanese example
considered here the transformation curve is almost a straight line, which
implies that changes in consumption patterns have little influence on the
terms of trade. This is important to the interpretation of the results.
The static version can be transformed into the dynamic model of Table 2
by transforming the model into proportional changes. The number of equa-
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into two equations leading to equations (18) and (19) of the matrix equation
4/ in Table 2.–
The model now has the general form
(21) Ax=b
where A is a matrix of structural parameters, x is a vector of rates of
change of endogenous variables, and b is a vector of rates of change of
the exogenous variables (in some cases also weighted by structural parameters).
The inverse of A displays what we call growth-rate multipliers (GRM).
.
As an example, the (A-1)8 b element is 3~/3L, which indicates by how much
3
the rate of change of nonagricultural output increases due to an lnc~ease
5/ in the rate of labor growth.— The behavior of these growth rate multi-
pliers tells us how each
variable in the general
the A matrix change over
have changed over time.
exogenous variable influences each endogenous
equilibrium context. Since the parameters of
time, we can see how these growth rate multipliers
Growth rate multipliers were obtained
five-year interval from 1880 to 1965.
Multiplying the growth rate multipliers of each decade by




in Japan gives us measurements of the contribution of the exogenous variables
to the observed rate of changes of the endogenous variables, i.e.,
(22) (~i/ai)t l it = (A-1):,4 l it = CEL
where CEL is the measured contribution of labor to per capita income growth
at time (t).
Simulation or counterfactual analyses are performed by substituting
simulated growth rates of the exogenous variable for the actual growth-9”
rates in equation (22). The difference between the simulated and the
actual contribution to an endogenous variable is then added to the observed
change of the endogenous variable to arrive at the path of the endogenous
variable under the counterfactual simulation. This constitutes simulation
with a changing structure.
3. Empirical Results
In this section, we observe the effects of population and labor
growth on the Japanese economy for per capita income, sectoral labor,
and capital allocation among the agricultural and the nonagricultural
sector, and the terms of trade in each five year period between 1880 and
1965.
The structural parameters used and the observed growth rates of
the endogenous and the exogenous tables are given in Tables 3, 4 and 5.
Nonagricultural sector is more labor intensive than the agricultural
sector throughout the whole period in Japan (y > a). This small labor
share in agriculture results from the fact that agricultural sector uses
land, capital and labor as inputs but nonagricultural sector uses only
capital and labor. The price and income elasticities are almost constant
over time as Kaneda showed. The share of income produced in agriculture
decreases from 47% in 1880 to 8% in 1965.
Overall growth rate of nonagricultural output and rate of nonagri-
cultural output and rate of nonagricultural technical change are greater
than those of agricultural ones. However, the growth rate of agricultural
output and rate of technical change are more stable from decade to decade.
Growth rate of nonagricultural labor is positive but that of agricultural
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Table 5. Average annual growth rates of exogenous variables.
(in percent per year)
(1) (2) (3) (4) (5) (6) (7)
Decade of Agr. T,C. Nonag$. T.C. Cap$tal Lab9r Population Birth Death










3.85 8,04 2.15 1.46
2.43 1.00 1.71 0.93
2.69 -0.80 2.13 0.55
5.19 3,50 3.56 0.41
1.38 5.30 2.93 0.83
3.88 1.55 3.27 0.93





















Total Period 3.61 4.12 3.08 1.09 1.17
Source: Col (1) & (2): Yamaguchi, 1973. Col (3): LTES, Vol. 3. Col (4) HSJE,
Col (5), (6), (7): HSJE. For computational details see Yamaguchi, (1973).
Note: Col (6) & (7) are not the average annual growth rates but the growth rates
of the year shown.-13-
to the nonagricultural sector. The growth rate of nonagricultural capital
accumulation is much higher than that of agricultural capital accwnulation.
The terms of trade moved in favor to agriculture except in the decade of
1900.
Table 6 shows the effects of population and labor on real per capita




and the terms of trade over time. These values come from the
multipliers for each five year period. As we would expect,
technical change in agriculture and nonagriculture affected
real per capita income growth positively. Also, population growth has
a very large negative effect on real per capita income, while on the other
hand, labor affects growth positively. The magnitude of the effect of
population growth on real per capita income (i.e., aE/~~ in Table 6)
decreases over time in Japan. The positive effect of labor growth (I.e.,
.,
~E/2L in Table 6) also decreases slightly over time but its decline 1s
not as large as the one of the population effect. The decline of the size
of the negative effect of population on per capita income is an interesting
result. It is due to the market imperfections in the model. Considering
Table 3 it is apparent that agriculture uses proportionatelymore resources
than would be justified on the basis of its share in income. In particular
L1/L exceeds A by a large fraction, Given that agriculture is the less
labor intensive sector on the basis of the production function parameters,
this can only be explained by the labor market imperfectionwhich tend
to allocate more labor to agriculture than would obtain in undistorted
market equilibrium. Hence resources are less productive in
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The resource transfer necessitated by this shift in demand is more costly
in terms of growth the smaller the nonagricultural sector from which re-
sources are withdrawn.
The last column of Table 6 shows by how much real per capita income
growth would decrease if both population and labor growth rates would changeby
an equiproportional amount, i.e., if after a rise in the population growth
rate the labor participation rate stayed constant. Note in particular that
the combined negative effect of population growth under this assumption is
very small, i.e., a rise of the population.-labor growth rate results
in a decline in per capita income growth of less than one-half percent.
This finding is similar to the finding of Kelley and Williamson (1972) from
their slightly different model. But the resulting optimism may be ill
founded. Japan has indeed had an almost constant labor participation rate
over time. But would that also have been the case if population had grown
at 3 percent? A deeper understanding of the relationship between population
growth and labor participation is needed before this question can be answered.
Population growth has a positive effect on teal agricultural output
. .





expected, population growth has a negative effect on real
output, i.e., a~2/a~ < 0. The rising agricultural output
. .
into agriculture, i.e., Ntl/at)> 0 and aL1/aQ > 0. This
. .
goes at the expense of the nonagricultural resource use, i.e., aK2/ZIQ < 0
and ai2/ad < 0 as shown in Table 6. This is due to the demand effect, i.e.,
population growth decreases real per capita income and the income elasticity
of nonagricultural goods is larger than that of agricultural goods. There-
fore, agricultural goods which have relatively low income elasticity are
demanded relatively more than nonagricultural goods.-16-
We can summarize the implication of population and labor force growth
as follows, Population growth increases agricultural output and both of
its inputs and tends to decrease nonagricultural output and both of its inputs.
Real per capita income decreases because of two population effects. Real
per capita income is divided among more consumers and increased food demand
necessitates a transfer of resources into the sector with lower labor pro-
ductivity, The absolute size of the population effect is declining because
this latter effect becomes less important the larger the nonagricultural
sector.
Labor force growth increases agricultural and nonagricultural outputs
and labor inputs in both sectors. Agricultural capital decreases at the
expense of nonagricultural capital, i.e., capital is withdrawn from the
more capital intensive agricultural sector.
Population and labor force growth both tend to increase agricultural
output and agricultural labor use, but have opposite effects on all other
6/ endogenous variables.—
If a change in the population growth rate always results in an equal
change in the labor force growth rate, one can add the population and labor
effect to a combined population effect, i.e., if we add both the population
and labor growth rate multipliers in each period, we can obtain how the
size of these combined effects changed over time. But when one drops the
assumption of a constant labor participation rate the sign of the combined
effect is undetermined for those variables where the individual effects
have opposite signs.
Figure 1 shows the contribution of exogenous variables to real per
capita income, The histogram shows the historical average growth rate of real






















exogenous variables to real
the historical
of real per
capita Income as the sum of all





















multiplying the growth rate multipliers of each decade by the correspond-
ing decadal rates of change of the exogenous variables as they occurred
in Japan. As shown above, the net effect of equiproportional rise in
population and labor always have been negative (Table 6). However, as
mentioned before, this effect may be positive depending on labor force
participation rates. In fact, the decades of the 1880’s and 1950’s are
exceptions and did have positive combined population effects. Similarly,
the combined effect of population on agricultural capital in the 1880’s
was negative instead of positive, as would be expected from the multipliers.
In the same way, nonagricultural labor in the 1900’s and 1910’s and non-
agricultural output in the 1900’s, 1910’s, 1920’s and 1930’s were also
exceptions.
When we observe the effect of population on real per capita income
in terms of the growth rate multiplier, we find a larger negative effect
at the beginning of economic development that decreased in importance
over time (Table 6). However, Figure 1 shows that the negative contri-
bution of population to real per capita income is almost constant.Z’
This means that Japan has been fortunate by having a low population growth
in the beginning of economic development when the net negative effect
would have been larger. In fact, population growth from 1880 to 1900
was less than 0.9 percent (Table 5).
Another important implication from our model is that the terms of
trade is basically determined by technicalchange in both sectors and
others which contain the imperfectness of factor markets. Population and
labor have very small effects on the terms of trade while demand deter-
mines the output mix (Figure 2). This point is very important because,
in the development literature, it is often claimed that an increase in-19-
Flqure 2. The contribution of exogenous variables
\











population will lead to a strong rise in the terms of trade in favor of
8/ agriculture.—
So far we have measured how much population contributed historically
to the economic development of Japan during the period 1880-1960. What
follows is a simulation with our model to gain some insight into how economic
growth in Japan would have differed from the actual economic growth as
reflected in per capita income, agricultural and nonagricultural output,
and labor and capital allocation among sectors, if Japanese population
growth rates had been as high as about 3 percent, the present rate in
developing countries. This exercise may shed some light on the population
problems developing countries face today.
Table 7 shows the hypothesized population and labor growth rates for
9/ the simulation along with the actual ones.— Table 8 is the result of the
simulated growth rates of the endogenous variables assuming a 3 percent
population growth rate and the actual rate of technical change.
The results are summarized as follows:
(1) Generally speaking, the growth rates of the endogenous variables
in the agricultural sector are larger than those in nonagriculture. In
fact, the growth rates of capital in the nonagricultural sector become
smaller than the actual growth rates. This comes from the fact that agri-
cultural output has to expand faster to accommodate the rising population.
It can do so only if it obtains more capital at the expense of the non-
agricultural sector. The growth rates of labor in agriculture increase
considerably because of an increase in the demand for food and the increase
in supply of total labor.

















































































me-Jomml-imnFr- U)* . ...* . . . . . . .
An-n A-
Ulml-1@mmrlo@f-1 OUT













10/ liowever, the absolute the actual growth rates, except during the 1950’s. —
value of real per capita income does not decrease except during the 1900’s
and 1920’s. Technical change in agriculture and nonagriculture were still
able to offset the rapid rate of population growth. This optimistic result
comes, however, from the following two facts. One is that we assumed the
actual rates of technical change. In fact, the rates of technical change were
very high in Japan. Another is that we assumed a constant rate of labor
participation because one can not easily assume a labor participation rate
when the growth rate of the population is 3%. However, as we have seen above,
the negative effect of population alone on per capita income was very large.
Also it is true that the labor participation rate would have decreased
considerably if the population growth were actually 3%. Therefore, real
per capita income would have decreasedmuch more than this simulation or
slmllar work by Kelley and Williamson indicate.
The kinds of simulations performed here lead to an optinustic view as
long as one assumes the labor participation rate as a constant. They also
draw attention away from the vigorous employment policies which are needed
to prevent labor participation rates from falling when the population rises
rapidly.
4. Summary and Conclusions
The main conclusions can briefly be summarized as follows”
(1) We distinguished population growth from labor growth. An increase
In population growth alone leads to a very large decrease in per capita
income growth. It also leads to large increases in the agricultural output
and inputs, and to decreases in the nonagricultural output and Inputs.
An increase in labor growth alone leads to large increases in real per-24-
capitaincome,nonagricultural output and inputs, and agricultural output
and labor but to decreases in agricultural capital. If one assumes that
population and labor always grow equiproportionallythe labor and popula-
tion effect offset each other for most of the variables. In particular
the combined effect on pe~ capita income is relatively small. But this
smallness hinges on the assumption of constant labor participation rates.
As one would expect, population-labor growth pulls resources from the
nonagricultural sector into the agricultural sector.
(2) The growth rate multipliers show, among other conclusions, that
the negative demand effect of population growth on per capita income
always outweighs its positive effect through the resulting increase in
labor supply. However, the combined negative effect decreased over time
in Japan.
The measured negative contribution of population and labor force
growth to real per capita income was almost constant in each decade.
This is so because Japan was fortunate to have a low population growth
rate in the beginning of economic development when the combined negative
effect was large.
(3) Terms of trade are primarily determined by sectoral technical
change and not by demand forces$ because the Transportationcurve has
very little curvature. But demand forces determined the output mix.
We simulated our model based on assuming a 3 percent population
growth rate and the actual rate of technical change. Then resources
are pulled into the agricultural sector. Especially, the growth rate
of labor in agriculture increases. Labor is substituted for capital
to such a large extent that the capital stock grows more slowly, espe-
cially in the nonagricultural sector. However, even under these conditions-25”
per capita income would have grown in Japan because the rapid rates of
technical change would still have outweighedthishigher rate of population
growth and we assured the constant labor participation rate. In fact
one of the major conclusions of this study is the attention which It draws
fo the dangers of the innocent assumption of a constant labor participation
rate.
(4) Population growth is especially competitivewith o~her develop-
ment goals in the early stages of development, because it then leads to
a transfer of a large proportion of the resources of the nonagricultural
sector into the less productive agricultural sector. At later stages of
development the economy can afford this transfer more easily.-26-
FOOTNOTES
Al The high death rates in 1920 were due to a wide-spread Influenza
epidemic, as well as a series of military conflicts in Asia.
Kelley and Williamson used a factor augmenting framework with equal
augmentation parameters in both sectors. This allows them to con-
sider biased technical change but precludes a consideration of the
separate influences of technical change in agriculture and technical
change in nonagriculture. The separate treatment of labor from pop-
ulation accounts for the fact that in Japan the growth rate of popu-
lation and the growth rate of labor were very different in the short
run, but were almost equal over the long run (see Table 5).
~/ Work is under way to relax this assumption in the future. This re-
quires a complete respecification of the demand side of the model.
~/ The proofs of equations (18) and (19) are complicated due to the la-
bor market imperfections. The derivations of the other equations
of the system are straightforward. For the details see Yamaguchl
(1974a).
~/ The growth rate multipliers (GRM) are sums of two Inverse elements
of A for ;ho~e exogeqous variables which appear twice In the vector
b, I.e., Q, Tl, andT2.
~/ In another paper we showed that both agricultural and nonagricul-
tural technical change push the resources out of agricultural sector
(See Yamaguchl (1973) or Yamaguchl and Binswanger (1974 a,b) ).
We observe here that population growth will pull resources into the
agricultural sector. The net population effect also pulls resources
from the nonagricultural sector into the agricultural sector.
~/ Two reasons for small growth rates in real per capita income in the
1900’s and 1920’s are somewhat different. In the 1900’s, the Sino
-Japanese War in 1894 and the Russo-Japanese War in 1904 had adverse
effects on real per capita income. In the 1920’s the agricultural
depression was very serious. In fact, the rate of agricultural tech-
nical change was only 1.38 percent during this decade--the lowest for
the periods calculated.
q We also measured the contribution of population and labor to the real
agricultural and nonagricultural output. Summarizing:
Population made a positive contribution to real agricultural
output but a negative one to real nonagricultural output in a fairly
stable way over time, Labor also made a fairly positive contribution
to real agricultural output. However, the positive contribution of
labor to nonagricultural output varied depending on the labor partic-
ipation rates. (See Yamaguchi 1973).-2?-
Before we simulate our model, it is necessary to explain our assump-
tion in more detail. It is based on the following food consumption
patterns of one person for every age. (Figure 3).
We cannot incorporate such a pattern correctly. To slmpllfy we as-
sume that the areas A and B are equal. The results are the same as
under the assumption that children do not consume until 10 years
















Column(2) and column (5) (Table 7) contain the hypothesized average
population and labor growth rates. Column (5) IS obtained by add-
ing (4) plus (3) of the previous decade. For example, the average
labor growth rate of 3,07 percent in the 1890’s was obtained by sum-
ming 2.14 in column (3) and 0.93 in column (4). Columns (2) and
(5) indicate that the simulated population and labor growth rates
are different. We also assume that the labor participation rate
would have followed the historic path, even if the population growth
rate had been 3 percent. It is quite likely that this would not
have been true with a 3 percent population growth rate. Therefore,
our simulation gives the most optimistic picture.
But this results from the fact that the average labor growth rate
of the simulation, 3.06 percent in the 1950’s,is larger than the
average simulation population growth rate of 3.0 percent as shown
in Table 7.-28-
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